Abstract: Semi-crystalline polymers such as polyethylene and isotactic polypropylene are known to yield lamellar meso-structures through macromolecular chain folding upon solidification from the molten state. The lamellae typically assemble to form microscopic spherulitic or 'shish-kebab' super structures depending on the cooling condition being either quiescent or induced during flow. Cooling experiments with concentrated solutions of syndiotactic polystyrene, however, unexpectedly yielded a novel microscopic superstructure resembling a 'bird nest'. These super structures can be made reproducibly under specific conditions. They reflect the impact of a chiral centre on the molecular organisation on the meso and micro level during a solidification process.
Introduction
Semi-crystalline polymers upon cooling from an amorphous molten state show a macromolecular folding into lamellar structures typically referred to as 'crystals' [1, 2] . In a quiescent state, these lamellar 'crystals' organize into microscopic spherical shapes called spherulites [3, 4] (Fig. 1) .
However, when the amorphous melt is strongly deformed a different morphology can be formed. Such 'shish-kebab' structures [4, 5] reflect bundles of highly elongated macromolecules upon which lamellar structures are transversally superimposed (Fig. 2) . Other interesting microscopic organisations for semi-crystalline polymers have been reported in refs. [6, 7] .
Preparation and characterisation
Recently however a novel microscopic structure was discovered upon cooling a 10 wt.-% solution of semi-crystalline syndiotactic polystyrene (sPS) in cyclohexanol. The polymer was dissolved at 190°C in a 50 ml capped glass vial and the resulting homogeneous solution was immersed in liquid nitrogen (Figs. 3 and 4) or ice ( Fig. 5) for 30 min. The frozen mixture was completely dried at room temperature in a vacuum oven until reaching a constant weight. At well-defined cooling rates the sPS solution will undergo a thermally induced phase separation (TIPS) in a polymer rich and a polymer lean phase. As the sPS solidifies the solvent will be captured into the polymer matrix as finely dispersed droplets. Removing the solvent leaves pores in the sPS matrix of a size depending on the size of the solvent droplets. This technique for making porous polymer systems is well known [8] .
Examining the structures obtained via TIPS with scanning electron microscopy (SEM) revealed an unanticipated form of supramolecular self-assembly. Fig. 3 shows the presence of 'bird nest-like' structures. The size of these new structures is about 5 µm. There is a 'dimple' in the centre of about 2 µm. Fig. 4 reveals these features more clearly.
General discussion
As mentioned before a key parameter for these structures to manifest themselves is the rate of cooling of the solution. Cooling too fast results in amorphous material, while cooling too slowly yields incomplete 'bird nests', i.e., their formation is very sensitive to the established boundary conditions (Fig. 5) .
The origin of this novel structure is assumed to be associated with the strong chiral styrene centre. The presence of a solvent, which increases the mobility of the individual macromolecules, allows for a mesoscopic fibrilar structure to shape into a 'bird nest'. It is known that fibrilar crystals are formed from dilute solutions containing sPS [9] . The arrangement of such fibrils in a special micron scale geometry requires a theta solvent and a specific cooling rate to balance phase separation and solidification. It can be speculated that other semi-crystalline polymers that allow for the formation of macromolecular helices may also be able to form such supramolecular structures or possibly new unidentified ones. 
